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Abstract
Objective-To conduct a mineralogical study on the particles retained in the necropsied lungs of a homogenous group of asbestos miners and millers from Asbestos township (and a local reference population) and to consider the hypothesis that there is a difference in size between fibres retained in the lungs of patients with asbestosis with and without lung cancer. Methods-Samples of lung tissue were obtained from 38 patients with asbestosis without lung cancer, 25 with asbestosis and lung cancer, and 12 with mesothelioma, from necropsied Quebec chrysotile miners and millers from Asbestos township. Fibre concentrations in the lungs of these patients were compared with those in tissue from necropsies carried out on a local reference population: men who had died of either accidental death or acute myocardial infarction between 1990 and 1992. 23 were born before 1940 and 26 after 1940. Results-Geometric mean (GM) concentrations were higher in cases than in the controls for chrysotile fibres 5 to 10 pm long in patients with asbestosis with or without lung cancer; for tremolite fibres 5 to 10,um long in all patients; for crocidolite, talc, or anthophyllite fibres 5 to 10,um long in patients with mesothelioma; for chrysotile and tremolite fibres > 10 pm long in patients with asbestosis; and crocidolite, talc, or anthophyllite fibres > 10 pm long in patients with mesothelioma. However, median concentrations of each type of fibre in the lungs did not show any significant differences between the three disease groups. Average length to diameter ratios of the fibres were calculated to be larger in patients with asbestosis and lung cancer than in those without lung cancer for crocidolite fibres > 10 pm long, for chrysotile, amosite, and tremolite fibres 5 to 10 pm long, and for chrysotile and crocidolite fibres < pum long. However, there was no statistical difference in the median length to diameter ratios for any type of fibres across the disease groups when they were calculated in each patient. Cumulative smoking index (pack-years) was higher in the group with asbestosis and lung cancer but was not statistically different from the two other disease groups.
Conclusion-Lung cancers occurred in workers with asbestosis from Asbestos township who had an equal concentration of retained fibres but a tendency to a higher length to diameter ratio of amphiboles. These workers had a 29% higher average cumulative smoking index.
(Occup Environ Med 1996;53:801-807) Keywords: asbestos; retention; fibre size It is established that workers with asbestosis have an excess risk of lung cancer.' 9 A recent study by Sluis-Cremer and Bezuidenhout'°s howed that the standardised proportional mortality ratio (SPMR) of 302 for amphibole asbestos miners without asbestosis indicated no excess bronchial cancer but the SPMRs were progressively raised in workers with slight and moderate or severe asbestosis (416&7 and 562-5 respectively). They showed that asbestosis was the most significant factor in predicting the likelihood of being a case of bronchial cancer (likelihood risk X2 = 30-1, 2 df, P < 0 001) after adjusting for the effects of smoking and age. A study by Hughes and Weill" of two asbestos cement manufacturing plants indicated a significantly higher (P < 0*01) risk of lung cancer in workers with asbestosis and not in the workers without asbestosis after controlling for age, smoking, and exposure to asbestos. However, the risk of lung cancer attributable to asbestos in exposed workers without asbestosis who also smoke is controversial.6 12 15 Studies of asbestos burdens in the lungs of patients with lung cancer who were exposed to asbestos have been reported,'4 16 19 but were unstratified by the presence or absence of asbestosis, which may have obscured the differences in variables of lung burden.
Karjalainen et al20 reported that patients exposed to asbestos had significantly more tumours of the lower lobe than non-exposed patients, although the predominance of such tumours occurred in exposed patients without asbestosis.
In animal models, Davis All information related to where the sample of lung tissue came from, occupational histories, pathological diagnoses, and other nominative information were available through the files of the CSST. Table 1 shows the information extracted from compensation files. The descriptive analysis presented was done after the lung tissue analysis. Table 1 shows the average age of patients, the duration of exposure, the time since last exposure, and other variables of work history as well as smoking habit. Only six workers out of 75 were non-smokers. There was one pipe smoker in the group with asbestosis and lung cancer and there were seven in the group with asbestosis. Smoking habit was known for all patients in the group with asbestosis and lung cancer and was not known for seven workers in the group with asbestosis alone and one in the group with mesothelioma.
ANALYSIS BY ANALYTICAL ELECTRON MICROSCOPY
The procedures of analytical transmission electron microscopy have been described previously.23 24 Although there were five groups of subjects, we were primarily interested in two comparisons: firstly, subjects with diseases related to asbestos (asbestosis and lung cancer, asbestosis alone, and mesothelioma) compared with those without these diseases; secondly, patients with asbestosis and lung cancer, compared with those without lung neoplasia and those with mesothelioma.
To compare fibre dimensions in the three groups with disease, the GM of fibre lengths, diameters, and length to diameter ratios were calculated for each patient; GMs (GSD) of the groups were then calculated from each measure and compared across groups with Mood's test.
Results Tables 2 to 5 show the GM (GSD) concentrations of fibres < 5 jpm, 5 to 10 pm, and > 10 pm respectively of chrysotile, amosite, crocidolite, tremolite, talc-anthophyllite, and other types of fibre (including cleavage frag- As there were no significant differences between results from the groups with asbestosis with and without lung cancer and with mesothelioma, the results are given only for the comparison of the groups with asbestosis and lung cancer, with asbestosis alone, or with mesothelioma v the controls.
The GM concentrations of all sizes and types of fibres were higher in the groups with asbestosis with and without lung cancer and the group with mesothelioma than in controls. Although GM concentrations of all sizes of amosite fibres were higher in groups with asbestosis with and without lung cancer and with mesothelioma than in controls there were fewer amosite fibres than chrysotile, tremolite, and crocidolite fibres. The GM concentrations for all sizes of crocidolite were apparently higher in patients with mesothelioma than in patients with asbestosis with and without lung cancer but this difference was not significant. Median concentrations of all sizes and types of fibres were not significantly different between the three diseases.
Ferruginous bodies were higher in patients with asbestosis with and without lung cancer than in patients with mesothelioma (table 5) but the concentrations were not significantly different. The highest mean concentrations of long and medium asbestos fibres were found in workers with asbestosis, but most short fibres where found in those with mesothelioma.
There was no statistical difference in the median concentration of asbestos fibres (all sizes) between the patients with lung adenocarcinoma (20 333 fibres/mg) and those with the other types of lung cancer (39 735 fibres/mg). There was also no statistical difference in median concentrations of all sizes of Table 6 Geometric mean (GSD) of diameter, length and length/diameter ratio offibres < 5,um for cases from Asbestos Tables 6 to 8 show the number of patients in each group in whom the numbers of fibres of a particular type were detected. An important proportion of the workers were exposed to crocidolite and most of the workers were exposed to tremolite asbestos fibres of all lengths.
For chrysotile and crocidolite fibres < 5 pm (table 6) , for chrysotile, amosite, and tremolite fibres 5 to 10 jm (table 7) , and for crocidolite fibres > 10 um (table 8), the average length to diameter ratios (that have been calculated from the fibres measured in each patient) were larger in the group with asbestosis and lung cancer than in the group with asbestosis only. However, there were no statistical differences in the median length to diameter ratios for any type of fibres across the disease groups when they were calculated in each patient after log transformation of the morphological features of the fibres.
Discussion
The hazards of asbestos fibres for fibrosis, lung cancer, and mesothelioma relate at least in part to several factors including mineral composition, size distribution, surface properties, persistence in the lungs,25 and intensity of exposure. In an attempt to understand better the mechanisms regulating the risk of diseases related to asbestos, we looked at the mineralogy of fibres retained in the lungs of patients with three different diseases and compared the data with those of a local reference population from Asbestos township.
We found no difference in concentrations of mineral fibres in the lungs of the three disease groups although in the patients with mesothelioma the concentration of crocidolite fibres of any size was always higher. The presence of the crocidolite fibres in the patients with mesothelioma in Asbestos township has been previously discussed at length.23 In this study, on the basis of the lung burden analysis of 12 patients with mesothelioma in Asbestos township, Quebec, the amphibole crocidolite was the dominant fibre retained in the lung tissue in two patients. In 10, fibres from the mine site (chrysotile and tremolite) were most prevalent; tremolite was clearly the highest in six, chrysotile in two, and two patients had about the same counts for tremolite and chrysotile.
As most of the patients with lung or pleural neoplasia had more than one disease related to asbestos exposure (all patients had lung fibrosis and three had mesothelioma), the differences in the concentrations may have been obscured in the groups with asbestosis with and without lung cancer as they usually have very high fibre burdens.'726 There was also considerable overlap of fibre content between patients with asbestosis and mesothelioma.'927-31 In a study in which concentrations of fibres in the lungs of asbestos miners and millers from Thetford mines were studied, concentrations of chrysotile and tremolite fibres retained were lower in patients with lung carcinoma than in those with fibrosis or mesothelioma." However, it is known that there is only a slight excess risk of lung cancer in that cohort and it is possible that most patients with lung cancer studied were not related to asbestos. It was also suggested that patients with mesothelioma in this cohort had concentrations of chrysotile and tremolite in the ranges associated with asbestosis. There is some evidence to suggest that it is within the moderate to severe grades of asbestosis that the risk of lung cancer increases.'s-" How would this affect the outcome of this study? Overall, in selecting the patients, we think that the grades of asbestosis (mild, moderate, and severe) were balanced between the asbestosis only and asbestosis with lung cancer groups. If there was a selection bias, it was likely to be towards the moderate and severe grades, as compensated patients were selected in whom a clear pattern of asbestosis was found.
Although the years of exposure and years since last exposure were similar in the three groups of disease (two variables that could effect the retention of fibres in the lungs), the precise cumulative exposure was not known. If the concentration of fibres in the lungs is taken as an indicator of past occupational exposure, this would mean that cumulative exposures for these groups of workers were similar. Overall, similar exposures would explain the weak differences in the concentrations of asbestos fibres in the lungs of the three disease groups.
Smoking consumption was different in the three groups; the patients with mesothelioma had the least cumulative pack-years followed by the patients with asbestosis only, then the patients with asbestosis and lung neoplasia. It has been shown that smoking inhibits the normal removal of asbestos fibres from the lungs, thus increasing retention of fibres and their uptake by tracheobronchial epithelial cells.33 These findings are in line with previously noted lack of association between smoking and mesothelioma, but a positive association between lung cancer and cumulative smoking.
In his excellent review Asbestos exposure indices, Lippmann22 has proposed that the relevant exposure index for asbestosis was that fibres were > 2 ,um long with a diameter > 0-15 um; for mesothelioma, the relevant exposure index was that fibres were > 5 pm long with a diameter of < 0. 1 gm; and for lung cancer > 10,um long with a diameter of > 0 15 pm. We attempted to test the second and the third hypotheses with a group of patients who all had asbestosis and were exposed in the same mine and mill. Our limited data failed to support Lippmann's hypothesis, but further research is needed to obtain a definite answer.
In the present study, the morphological features of the fibres did not separate patients with lung cancer from those of asbestosis. A group of exposed workers with lung neoplasia without asbestosis would have been of interest but could not be found. It would also have been useful to have included in the study a group of subjects who were exposed to asbestos but who had no disease related to it.
Finally, it is noteworthy that there is a consistent pattern between studies on fibres retained in the lungs of our patients who originated from Asbestos township compared with the results of the independent work of Case and Sebastien.'4'5
Conclusion
We have investigated asbestos fibre counts, types, and morphology in patients with diseases related to fibres and a reference population from the same locality. All patients had more fibres than the reference population. The patients with mesothelioma had accumulated more amphiboles whereas the patients with asbestosis with and without lung cancer had retained similar numbers of fibres. The patients with asbestosis and lung cancer had a 29% higher mean cumulative smoking index.
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